Slaughter and carcass data were obtained on 197 bulls produced in a diallel involving Angus, Brahman, Hereford, Holstein and Jersey that were slaughtered at either 6, 9, 12, 15, 18, 24, or 30 mo of age. Bulls were given ad libitum access to a 72% TDN diet on an individual basis from 6 mo of age until slaughter. Empty body weight (EBWT) was determined as the sum of the weights of blood, hide, hard drop, soft drop (minus contents of the digestive tract), and carcass weight (CWT), which were recorded at slaughter. Carcass protein (CPROT) and fat (CFAT) were based on weights and chemical analyses of lean and fat tissue and bone of the carcass. Empty body protein (EBPROT) and fat (EBFAT) were based on weights and chemical estimates of the components of the empty body. Growth of EBWT, EBPROT, EBFAT, CWT, CPROT, and CFAT relative to either live weight (LWT), EBWT, or CWT were investigated using the allometric equation.
cass components and carcass weight or empty body weight. As early as 1932, Needham (1932) reviewed the applicability of this equation for describing growth of chemical composition of animals.
Actual measurements of protein and fat can be obtained only when an animal is killed. Therefore, to obtain these measures it is necessary to kill samples of animals of each breed-type or treatment over a series of time intervals. Based on observations from these samples, tissue growth may be characterized to estimate empty body weight, protein accretion, and fat accretion for a specified time period.
Based on data from serially slaughtered bulls of five breeds and the F1 crosses, this study investigated patterns of growth of empty body weight and carcass weight, as well as protein and fat content of each, relative to live weight. When analyses indicated significant breed-type differences for these relative growth patterns, specific comparisons among the breed-types were examined.
Materials and Methods
Source of Animals and Experimental Design. The data analyzed are a subset of a comprehensive study to evaluate hybrid systems for total efficiency of beef production. This study .represented a five-breed diallel composed of Angus, Brahman, Hereford, Holstein, and Jersey straightbreds and their F1 crosses. These particular breeds were selected to represent biological types that differ in many production characters and are readily available to cattle producers.
Calves were born between November 1972 and May 1973. Calves out of Angus, Brahman, and Hereford dams remained with their dams until 3 to 4 mo of age. At that time, the calves were delivered to the Texas A&M University Agricultural Research Center at McGregor, TX. Calves out of Holstein and Jersey dams were allowed to remain with their dams for up to 1 wk; at that time, they were delivered to one of seven commercial dajr calf raisers.
Upon reaching 3 mo of age, they were delivered to the Texas Agricultural Research Station at McGregor, TX. After a quarantine period of 3 wk, calves were grouped by sex and placed in lots, where they were group-fed until 6 mo of age to allow adjustment to both diet and location.
Data used in this study were collected on bulls that were individually fed and serially slaughtered at either 6, 9, 12, 15, 18,24, or 30 mo of age. Originally, 210 bulls were randomly assigned within breeds and sires to one of the seven slaughter points (two bulls of each brd-type of each slaughter age). Thirteen bulls did not complete the experiment because of death or illness; therefore, data were recorded on 197 bulls (Table 1) .
At 6 mo of age, bulls were assigned to individual pens (5.3 m2) in buildings with concrete floors. Bulls were turned out at night for exercise into lots where water was available. A diet consisting of cottonseed hulls (25%), ground sorghum (48.5%), cottonseed meal (20%), vegetable fat (4%), and a vitaminmineral supplement (2.5%) was offered on an ad libitum basis during confinement, and each bull's monthly fexd intake was recorded throughout the feeding period. Each bull's weight, height at the hooks, and condition score were also measured and recorded at monthly intervals. A detailed description of bull management during the feeding period was documented by Long et al. (1979) .
when bulls reached their assigned slaughter age, they were weighed and transported approximately 156 km to the Texas A M University Meat Science LaboratoIy for processing; four to 12 bulls were slaughtered on a particular date. During the dressing procedure, weights were recorded for components removed.
Total weight of each bull's blood was recorded, and 100 ml of blood was heparinized and chilled for later chemical analysis; also, weights of components of hard and soft drop were recorded. Hard drop included the fore feet, hindfeet and hard tissue of the head. Soft drop included the empty and washed digestive tract, reproductive tract, kidneys, spleen, lungs, heart, liver, and soft tissue from the head. Soft drop tissues were minced and finely ground using a Buffalo Silent Cutter. When fat separation began to occur, two samples (about 500 g each) were obtained and frozen for later chemical analysis. More complete descriptions of the slaughter procedure were given by Jenkins et al. (1981) .
After sides were chilled for 48 h at f Z' C, ments of several characters (hide moisture, hide weight and animal weight, age and height at slaughter) that were also measured on cattle included in this study. The cattle of Moulton et al. (1922) were managed similarly to the cattle in this study in that they were offered a diet on an ad libitum basis and were slaughtered over a wide range of ages. Table 2 
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Based on data from the present study. Therefore, the data were! transformed to logarithmic form for the purposes of analysis.
One should note that the logarithmic transformation represents a linear relationship between lnor) and Inor). We assumed additive errors in muation [4], which were independent and identically distributed as normal random deviates with zero mean and constant variance.
Residual plots gave no indication that this assumption was false. Also, the line produced from linear regression always passes through the average of h(Y) and the average of In@); therefore, estimates of h(a) and b are negatively correlated. General combining abilities, the mean performance "expressed as a deviation from the mean of all crosses" (Falconer 1989 ), were calculated according to methods &scribed by Simmonds (1979) . The SAS software (SAS, 1985) was used for statistical analyses. I h e following model was used to examine the relative growth coefficients:
where &, = the logarithmic value of the j* observation (EBWT, CWT, EBPROT, EB-FAT, CPROT, or CFAT) within the i* breedtype, w = a constant, Bi = the effect of the i* breed-type, Sij = the logarithmic value of the j* observation (LWT, EBWT, or CWT) within the i* breed-type, Sc, = the logarithmic value of the j* observation (LWT, EBWT, or CWT) within the i* breed-type if i'=i, 0 if i'#i, bl = the partial regression coefficient, b i t = withinbreed-type partial regression coefficients (relative growth coefficients), and eij = error. As previously stated, there were five straightbred and 10 crossbred breed-types and, therefore, 14 df for breed-type growth coefficients. The Sit, terms allow testing for homogeneity of slopes. Angus and Hereford (and crosses involving these breeds) represent a large proportion of beef cattle in the United States and have been selected for beef production. These two breeds were originally developed in Great Britain and are commonly referred to as "British" breeds (implying genetic similarity between the two breeds as a result of having been developed under similar environmental conditions and production goals). Differences for milk production, carcass composition (when slaughtered at constant weights or ages), and mature size between these breeds are well recognized. Therefore, it is of interest to determine whether differences exist in relative growth rates between these two breeds.
Brahman have been developed from tropical breeds and have been shown to be more adapted to hot and humid environmental conditions typical to the southern regions of the United States than Angus and Hereford breeds. Because all three breeds contribute significantly to beef production, especially in the southem United States, it is of interest to characterize differences between these breeds.
The contrast between Holstein and Jersey represents a contrast between two breeds that have been selected for high levels of milk production but are diverse in mature size and level of milk fat. As stated, the Brahman has been selected for beef production under harsh environmental conditions; the Holstein has been selected for high milk production under more controlled environmental conditions. The British breeds vs the Holstein is a contrast between breeds of moderate mature size, similar in genetic origin and selected for beef production vs a breed of large mature sue and selected for high levels of milk production.
The sixth contrast of interest is a contrast between breeds that have been selected for beef production (Angus, Brahman, and Hereford) and a breed developed for high milk production. These six umtrasts represent comparisons between diverse biological types that are used by U.S. beef producers. Table 3 includes the results of tests for homogeneity of the growth coefficients relating EBWT, CWT, EBPROT, EBFAT, CPROT, and CFAT to LWT. These results indicate that significant differences in the relative growth coefficients between the breedtypes were detected only for EBWT.
Results and Discussion
Based on these results, common growth coefficients relating CWT, EBPROT, EBFAT, CPROT, and CFAT to LWT were determined ( Table 4) . The relative growth rate coefficients for each of these characters was greater (P < .Ol) than 1, indicating that these characters were late-maturing tissues relative to LWT. Another point to note in Table 4 is that, relative to LWT, fat was later maturing than protein.
The common growth coefficient of CWT Jones et al. (1978) are representative of a very small range of slaughter weights (500 to 600 kg), whereas the relationship between CWT and LWT in this study is based on a wide range of slaughter weights (98 to 837 kg). Therefore, the variation in CWT and LWT is much greater in this study, perhaps partially explaining why significant breed-type differ-ences were detected by Jones et al. (1978) but not in the present study.
Because the tests for homogeneity of the relative growth rates of EBWT to LWT indicated that differences existed among the breed-types, six specific contrasts of interest among the breed-types were investigated for differences in the relative growth coefficient of EBWT to LWT ( Table 5 ). The only difference detected to be significantly different from 0 was between the two dairy breeds. The Jersey was found to have a higher (P < .05) relative growth coefficient of EBWT to LWT than the Holstein. This difference in proportionality may be a result of the different maturing rates of the breeds. Rajab (1983) reported that the Jersey was smaller in mature size and matured more quickly (absolute) than the Holstein.
General combining abilities for the relative growth coefficients for the five straightbred breed-tpes are reported in Table 6 . Angus, Hereford, and Jersey general combining abilities were positive and similar (P > .05) for the relative growth coefficient of EBWT to LWT. Brahman and Holstein general combining abilities were negative and similar (P > .05).
The relative growth of EBWT to LWT seems to be closely associated with mature size and maturing rate. Angus, Hereford and Jersey general combining abilities for the relative growth rates of EBWT to LWT were positive and significantly different from the negative estimates for Brahman and Holstein. In general, Angus, Hereford, and Jersey had slower maturity of EBWT relative to LWT for the crossbred bulls.
Estimates of the relative growth coefficients obtained from within-breed-type regressions of the logarithm of EBWT on the logarithm of LWT are given in Table 7 . The relative growth coefficient of the Angus and its SE were very similar to values reported by Seebeck (1967) from a study involving Angus (1.098 f .059).
Unfortunately, values for the other breed-types are not available in the literature for comparison. There does not seem to be a general tendency across breed-types for the relative growth coefficient to be either equal to or greater than 1.
In addition to LWT, characters of reference that have been used by researchers to investigate growth of body components are EBWT and CWT. Tests of homogeneity of the relative growth rates of CWT, EBPROT, EBFAT, CPROT, and CFAT to EBWT (Table 8) indicate that breed differences were not de tected (P > .OS), as was the case when relating the same characters to live weight. The ranking (highest to lowest) of the relative growth coefficients of these characters to EBWT is the same as when their growths were related to LWT (EBFAT, CFAT, CPROT, CWT, and EBPROT).
Across-breed-type relative growth coefficients (Table 9) were significantly greater than 1, as was the case when the growth of the characters were related to LWT. The acrossbreed-type relative growth coefficient of CWT to EBWT is in close agreement with that reported for Angus (1.121 f .023) by Seebeck (1967) . The relative growth rate of CPROT to EBWT (1.1099) is larger than relative growth rates reported by Robelin et al. (1979) for B r i m is the average of Angus and Hereford. b e e f is the average of Angus, Hereford and Brahman. *P < .05. Probability that the difference is not equal 0.
Limousin bulls (1.03) and Fortin et al. (1980) for Holstein (.95 f .024) and Angus (.85 f .035). Fortin et al. (1980) did detect breed-type differences in the relative growth coefficient of CPROT to EBWT. In their study the CPROT of Holstein was found to grow significantly more quickly than the CPROT of Angus (relative to EBWT). The large difference between the relative growth of CPROT to EBWT reported in this study and those reported by Fortin et al. (1980) is interesting but unexplainable. Both studies represent bulls that were offered ad libitum access to a highenergy diet and slaughtered over a wide range in weights. Two possible explanations exist: 1) very large genetic variability exists for the growth of CPROT relative to EBWT, or 2) differences in the diets were large enough to affect CPROT growth relative to EBWT. The study of Fortin et al. (1980) also included bulls of each breed-type that were fed the same diet but fed at a lower level (60 to 70% of ad libitum). The relative growth coefficients of CPROT to EBWT for these bulls (1.087 f .07 and 1.159 f .10 for Holstein and Angus, .949 WWT = empty body weighs CWT = carcass weight; EBPROT = empty body protein weight; EBFAT = empty body fat weight; CPROT = carcass protein weight; and CFAT = carcass fat wei@ tP < .I. ***P < .Wl. respectively) are nearer the values reported in this study. Therefore, the second explanation is more likely. It should also be noted that, when bulls were fed at the lower level, significant differences were not detected between the Holstein and Angus bulls for relative growth of CPROT to EBWT. A similar relationship between nutritional level and the relative growth rate of P A T to EBWT is observed in the results reported by Fortin et al. (1980) . The results reported by Fortin and co-workers (significant differences among breed-types detected when bulls received the high energy intake levels but not when bulls receiving the low energy level) and the lack of significant breed-type differences detected in this study suggest two possibilities. First, perhaps for breed differences to be fully expressed, high levels of energy intake are r e q u i r e the diet in the present study may not have been adequate for these breed-types to fully express their differences in relative growth rates for the characters examined. Second, it may not be important to consider breed-type differences for relative growth under some nutritional regimens.
An across-breed-type relative growth coefficient for CPROT to CWT was indicated from the test for homogeneity (Table 10 ). The relative growth coefficient for CPROT (1.008 f .012) is similar to relative growth coefficients for Limousin (1.00) and Friesian (.98)
reported by Robelin et al. (1978) . Therefore, these two studies support the hypothesis that the relative growth of CPROT to CWT is similar across breed-types. Tests for homogeneity of the relative growth of CFAT to CWT (Table 10 ) also indicated that a common relative growth coefficient (1.219 f .029) across breed-types was appropriate. Robelin et al. (1978) detected significant breed differences for the relative growth rate of (FAT to CWT. They reported Friesian to be significantly different from Limousin and Charolais (1.80 vs 1.57 and 1.61, respectively); the Friesian had a significantly higher relative growth rate. A comparison of the energy intake of the bulls in the study of Robelin et al. (1978) and the present study is not possible. Based on the magnitude of the relative growth coefficients of CFAT to CWT reported by Robelin and co-workers, one might suspect that the energy intake in their study was higher than that of the present study. If this assumption is true, then results of these two studies and the study of Fortin et al. (1980) lend credibility to the hypothesis that energy intake must be high to detect breedtype differences in relative growth rates. One relationship that is consistent between the published literature and this study is that, regardless of the character of reference (LWT, EBWT, or CWT), the relative growth rate of fat is greater than that of protein. Also, it seems that the relative growth rate of fat is consistently greater than 1, which indicates that fat grows at a faster relative rate than either LWT, EBWT, or CWT over the age ranges studied. The growth of protein relative to a measure of size is not clear from the literature. Some studies have reported values greater than 1, whereas others have reported values less than 1. This inconsistency may be a reflection of the stage of maturity of the animals being evaluated and(0r) the nutritional regimen.
ImpllcaHons
The results indicate that for the nutrition regimen examined breed-type differences for most of the relative growth characters were not significant. This indicates that general acrossbreed equations could be useful in determining desirable body composition in relation to other factors involved in the production system. These results w i l l become more useful as the current procedures for bull growth evaluations using ultrasound improve in accuracy.
